A new approach has been developed to study binding of a ligand to a macromolecule based on the diffusion process. In terms of the Fick's first law, the concentration of free ligand in the presence of a protein can be determined by the measurement of those ligands which are diffused out. This method is applied to the study of binding of methyl-orange to lysozyme in phosphate buffer of pH 6.2, at 30°C. The binding isotherm was determined initially, followed by application of the Hill equation to the data obtained, then binding constant and binding capacity were estimated.
Ligand binding to macromolecules is one of the most interesting fields of research these days. Different methods such as equilibrum dialysis (Jones & Brass, 1990) , spectroscopy (Kurachi et al., 1995) , ultrafiltration (Maria & Antonella, 1992) , and gel chromatography (Cann & Hinman, 1976; Andreu, 1985) have been used to this purpose.
In vivo, ligand binding generally accompanies other processes, which also affect the concentration of the ligand (Gram, 1990) . For example, when a drug is injected into a vein the blood proteins in the area bind to the max-imum amount of the drug, i.e. ligand. However, due to blood flow and the process of drug absorption, the concentration of the drug is gradually reduced, thus ligand binding is affected and reversed. This paper introduces an approached based on diffusion which besides its simplicity compared to other approaches, is to some extent similar to the in vivo situation. Due to the short span of time needed for the experiment, this approach is suitable to study ligand binding systems in which ligand or macromolecule or both are unstable.
In this project the binding of methyl orange, an anionic dye, to hen egg-white lysozyme (pI 10.5) in phosphate buffer at pH 6.2 in which it would have a positive charge (Palmer et al., 1948) , is investigated. Lysozyme self-association has been reported (Denier & Wiliams, 1970; Sophianopoulos & Vanholde, 1961 , 1964 Adams & Filmer, 1966) in solutions with a protein concentration larger than 0.1% and at pH³7. In the present work lysozyme concentration and pH were so chosen that the self-association would not occur.
MATERIALS AND METHODS
Hen egg-white lysozyme (HEWL) and other chemicals of analytical grade, were obtained from Merck Co. Distilled water was used for the preparation of the solutions. The Visking membrane dialysis tubing (relative molecular mass cut-off 10 000-14 000) was from SIC (Eastleigh, Hampshire, U.K.).
The concentration of methyl orange was determined by spectrophotometric method by means of a standard curve. In the first part of the experimental work, 3 ml of 10 mM phosphate buffer solution, pH 6.2, containing methyl orange at 8.25´10 -4 M was put into a dialysis bag which was placed in 15 ml of buffer solution, in a way that the level of solution inside and outside the bag became nearly identical. The outside solution was stirred regularly and MO concentration therein was measured every 10 min.
In the second part of the experiments which was in fact the main part of the study, 3 ml of the buffer solution containing MO (8.251 0 -4 M, as above) and lysozyme (8.25´10 -3 %, w/v) was put into a bag. MO concentration outside the dialysis tubing was measured as above.
For the standard curve solutions of MO with concentrations in the range of 0-2´10 -5 M were prepared in the phosphate buffer and their absorptions were determined at 470 nm. The standard curve is shown in Fig. 1 .
RESULTS AND DISCUSSION
The first Fick's law states that:
where: J is flux, D is the diffusion coefficient and dC/dx is the gradient of concentration. Given in the experiments the volume of the solutions inside and outside of the bag are actually fixed, finite and stirred, thus: [L] f , concentration of the dye.
where: d is the constant thickness of the membrane, n is the number of moles of ligand, C i and C o are the concentrations of ligand inside and outside, respectively, and A is a constant. Under the above conditions:
where k is a constant.
The above equation indicates that the variation of dC o /dt with DC = C i -C o should be linear. The values of dC o / dt can be determined at different times. C i can also be determined in the absence of the protein thus DC = C i -C o is evaluated. 1 Although the above equation (3) is not linear in practice, it can be used to construct a calibration curve, from which the concentration of the free ligand in the presence of the protein (C i ' ) can be determined at a known ligand concentration outside the bag, C o ' .
In the absence of the protein, the concentrations of the ligand diffused out, C o , are measured at different times and the C o values plotted against t, wherefrom the rate dC o /dt values are obtained. By determining corresponding concentrations of the ligand inside the bag, the calibration curve, i.e. a plot of dC o /dt versus DC = C i -C o , is obtained.
In the presence of the protein the whole procedure is repeated and the rates The thermodynamic quantities, such as binding constant, K, can be estimated by the use of the following equation:
where n is the average number ligand bound molecules to the macromolecule. C p and C i o are the total concentration of the protein and initial concentration of the ligand, respectively, and C i ' was defined earlier.
The method was used to study the binding of MO to HEWL. Figure 2 shows the variation of C o against time in the absence of lysozyme. From this, the values of dC o /dt were evaluated at different times and then fitted to the following equation:
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The variation in time of MO concentration outside the bag, C o ' , in the presence of HEWL is shown in Fig. 4 . In this case, again, the values of dC o ' /dt were fitted to equation:
and then the values of C C o i ' ' -corresponding
to different values of dC i ' /dt at specified times were evaluated from the calibration curve, wherefrom the corresponding values of were easily obtained. The values of n at different concentrations of C i ' from equation (4) were estimated and then the binding isotherm was plotted (Fig. 5 ). The Scatchard plot (Gram, 1990) shown in Fig. 6 is nonlinear which means that the MO-HEWL interaction is positively cooperative. Thus, the Hill equation (Vanholde, 1985) :
(where K is the association constant, n H is the Hill coefficient and [L] is the concentration of the free ligand) could be applied and an arbitrary value of g parameter chosen such that it makes the best straight line for Hill plot. Thus, through this method the values of g, n H and K were evaluated to be 18, 3.94 and 2727, respectively.
It should be mentioned that HEWL at the experimental conditions employed does not have a considerable net positive charge. Hence it is expected that the interaction between MO and HEWL may not be purely electrostatic and may involve also hydrophobic forces. The value of n H confirms this. 
